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This material has been funded wholly or in part
by the United States Environmental Protection
Agency (EPA) wunder Contract Number
68-W5-0055. Mention of trade names or com-
mercial products does not constitute endorse-

ment or recommendation for use. The Innova-
tive Treatment Technologies: Annual Status
Report  (ASR), Seventh  Edition (EPA-

542-R-95-008) and the Innovative Treatment
Technologies: Annual Status Report Database
(ITT Database) (EPA-542-C-95-002) are avail-
able free of charge. Order by fax or mail from:

U.S. EPA/ National Center for Environmental
Publications and Information (NCEPI)

P.O. Box 42419

Cincinnati, OH 45242

Fax Number: (513) 489-8695

Phone Verification: (513) 489-8190

il

Allow 4-6 weeks for delivery. The ITT Database
is also available for downloading from the fol-
lowing sources:

Cleanup Information Bulletin Board System
(CLU-IN BBS). Via modem (301) 589-
8366 (8 Data Bits, 1 Stop Bit, No Parity, VT-
100 or ANSI). Voice help (301) 589-8368.

Alternative Treatment Technology Informa-
tion Center (ATTIC). Via modem (703)
908-2138 (8 Data Bits, 1 Stop Bit, No Parity,
VT-100 or ANSI). Voice help (703) 908-
2137.



This report documents the status of application of innovative treatment technologies in the Superfund
program. It presents information on some, but not all, projects applying innovative treatment tech-
nologies at non-Superfund sites such as those subject to corrective action under the Resource Conser-
vation and Recovery Act (RCRA) and those being addressed by the Department of Defense (DoD),
and the Department of Energy (DOE). We have expanded the report to include many new innovative
projects selected by the EPA in fiscal year 1994 and numerous graphics and tables to assist the reader
in understanding the data.

We are pleased to announce a new, software version of the report, called the Innovative Treatment
Technologies Annual Status Report Database (ITT Database), which is a Windows™-based system
that contains all of the site-specific information that previously was presented in tabular form. In-
formation provided about each site includes site type, technology selected or used, target contami-
nants, contaminated matrix, project status, and site contact names and telephone numbers. Additional
information about completed projects includes periods of operation, typical pre- and post-treatment
concentrations of key contaminants treated, cleanup goals, operating parameters (such as retention
time and additives), materials handling required, and management of residuals. The database is
searchable and can generate statistics and reports tailored to the user’s specifications. Ordering in-
formation for the database and the hard-copy report is on the preceding page.

We intend this information to improve communication between experienced technology users and
those who are considering innovative technologies to clean up contaminated sites, as well as enable
technology vendors to evaluate the market for possible application of innovative treatment technolo-
gies at Superfund sites and other contaminated sites for the next several years.

Our goal with this report is to increase the application of new, less costly, and more effective tech-
nologies to address the problems at Superfund sites as well as other contaminated sites.

Walter W. Kovalick, Jr., Ph.D.
Director, Technology Innovation Office

iy



This document was prepared under the direction
of Ms. Linda Fiedler, work assignment manager
for the EPA’s Technology Innovation Office
(TIO).

Special acknowledgement is due the Federal and
state staff and other remediation professionals

listed as contacts for individual sites. They pro-
vided the detailed information in this document.
Their cooperation and willingness to share their
expertise on innovative treatment technologies
encourages the application of those technologies
at other sites.



This yearly report documents and analyzes the
selection and use of innovative treatment tech-
nologies in the EPA Superfund Program and at
some non-Superfund sites subject to corrective
action under the RCRA Program, and those be-
ing addressed by DoD, and DOE. The report
updates the status of all the projects and includes
projects for which innovative technologies were
selected in Superfund Records of Decision
(ROD) signed during fiscal year 1994. The in-
formation will improve communication between
experienced technology users and those who are
considering innovative technologies to clean up
contaminated sites. In addition, the information
will enable technology vendors to evaluate the
market for innovative technologies at Superfund
sites for the next several years.

Alternative treatment technologies are alterna-
tives to land disposal. Innovative treatment tech-
nologies are alternative treatment technologies
the use of which at Superfund and similar sites is
inhibited by lack of data on cost and perform-
ance. This report documents the use of the fol-
lowing innovative treatment technologies to treat
ground water (in situ), soils, sediments, sludge,
and solid-matrix wastes:

Soil Technologies

Bioremediation (ex situ)
Bioremediation (in situ)
Contained Recovery of Oily Wastes (CROWT™M)
Cyanide oxidation
Dechlorination

In situ flushing

In situ vitrification

Plasma high

temperature metals recovery
Phyto-treatment

Soil vapor extraction

Soil washing

Solvent extraction

Thermal desorption

vi

Groundwater Technologies

* Air sparging
» Bioremediation (in situ)

* Dual-phase extraction

* In situ oxidation

* Passive treatment walls

 Surfactant flushing

This document includes a list of sites and analy-
sis of 332 applications of innovative treatment
technologies for remedial actions, 29 applica-
tions for removal actions, 8 applications under
RCRA corrective actions, and 28 applications
under other federal programs. The analysis in-
cludes the number of applications by technol-
ogy, types of contaminants treated, quantities of
soil treated, and status of the project. The infor-
mation for these sections was collected through
analyses of RODs; review of 50 RCRA corrective
action statements of basis (SB); review of EPA’s
Office of Solid Waste and Emergency Response
(OSWER) tracking systems; and interviews with
EPA regional staff, as well as with DoD and DOE
staff.



Introduction

The Technology Innovation Office (TIO) of the
U.S. Environmental Protection Agency’s (EPA)
Office of Solid Waste and Emergency Response
(OSWER) has prepared this Innovative Treatment
Technologies: Annual Status Report, Seventh
Edition, to document the use of innovative treat-
ment technologies to remediate contaminated
hazardous waste sites. The report contains a list
and an analysis of Superfund sites (both reme-
dial and removal actions), Re-

source Conservation and Recov- New in ; this Report

ery Act (RCRA) corrective action
sites, and other non-Superfund
sites (that is, sites addressed under
other federal programs) at which
innovative treatment technologies
are being used. Site managers
can use this report to evaluate
cleanup alternatives for similar
sites. Innovative technology
vendors can use it to identify
potential markets. TIO also uses
the information to track progress
in the application of innovative treatment tech-
nologies.

gies

system

The report is updated annually. This September
1995 issue of the report updates and expands in-
formation provided in the September 1994 re-
port. Information added to this update includes
42 innovative treatment technologies selected for
remedial actions in fiscal year (FY) 1994 Super-
fund records of decision (RODs)—a ROD is the
decision document used to specify the way a site,
or part of a site, will be remediated. In addition,
15 additional projects have been completed since
the last edition of this report. Also added to this
report is information about eight innovative
technologies selected in statements of basis (SBs)
for implementation at RCRA corrective action
sites.

This report does not address sites that use non-
treatment remedies, such as landfilling and cap-
ping. It contains only minimal information
about sites that use incineration, solidification
and stabilization, or pump-and-treat remedies.
More information about RODs that specify such
remedies is presented in the series of ROD an-
nual reports published by the Office of Emer-
gency and Remedial Response (OERR). For
more information about those reports, call the
Superfund Hotline at (800) 424-9346 (outside
the local calling area) or (703) 412-9810 (inside
the local calling area).

« 42 innovarive technologies
© selected in FY 94 RODs

« & RCRA corrective actions
using innovative technolo~

+ Now available as a windows-
platform searchable database

Sources of Information for this
Report

EPA initially used RODs for individual sites to
compile information on remedial action, and
pollution reports, on-scene coordinators’ reports,
and the OSWER Removal Tracking System to
compile data on emergency response actions.
The U.S. Army Corps of Engineers (USACE)
Hazardous, Toxic, and Radioactive Waste
(HTRW) Mandatory Center of Ex-
pertise in Omaha, Nebraska; Syn-
opses of Federal Demonstrations
of Innovative Site Remediation
Technologies, Third Edition (EPA-
542-B-93-009); and RCRA cor-
rective action SBs were consulted
to compile information on projects
under other federal programs.
EPA then verified and updated the
draft information through inter-
views with remedial project man-
agers (RPM), on-scene coordina-
tors (OSC), and other contacts for
each site. The data on project status supplements
data in the Comprehensive Environmental Re-
sponse, Compensation, and Liability Information
System (CERCLIS), EPA’s Superfund tracking
system, by providing more detailed information
on the specific portion of the remedy that in-
volves an innovative technology. In addition, in-
formation about technologies and sites identified
here might differ from information found in the
ROD annual reports and the RODs database.
Such differences are the result of changes in the
remedy during the design phase of the project.
The changes may or may not have required offi-
cial documentation (that is, a ROD amendment
or an explanation of significant differences
[ESD]).

What are Established and Inno-
vative Treatment Technologies?

Treatment technologies are alternatives to land
disposal. Established treatment technologies are
those for which cost and performance informa-
tion is readily available. The most frequently
used established technologies are incineration,
solidification and stabilization, and pump-and-
treat technologies for groundwater. Treatment
of groundwater after it has been pumped to the
surface often resembles traditional water treat-
ment; therefore, in general, pump-and-treat
groundwater remedies are considered established
technologies.



Innovative treatment technologies are alternative
treatment technologies for which routine use at
Superfund and similar sites is inhibited by lack
of data on performance and cost. In general, a
treatment technology is considered innovative if
it has had limited full-scale application. Often, it
is the application of a technology or process to
soils, sediments, sludge, and solid-matrix waste
(such as mining slag) or groundwater that is in-
novative. This report documents the use of the
following innovative treatment technologies to
treat groundwater, soils, sediments, sludge, and
solid-matrix waste:

Soil Technologies

Bioremediation (ex situ)

Bioremediation (in situ)

Contained Recovery of Oily Wastes (CROWT™)
Cyanide oxidation

Dechlorination

In situ flushing

In situ vitrification

Plasma high temperature metals recovery
Phyto-treatment

Soil vapor extraction

Soil washing

Solvent extraction

Thermal desorption

Groundwater Technologies

Air sparging
Bioremediation (in situ)
Dual-phase extraction
In situ oxidation

Passive treatment walls
Surfactant flushing

Over the past several years, a number of remedial
technologies that are considered innovative have
seen increased use at Superfund and other con-
taminated sites. In particular, an increasing
number of soil vapor extraction and thermal
desorption projects have been completed. Al-
though those technologies have become accepted
more generally, because the results of most of
the projects are not widely known, this report will
continue to track soil vapor extraction and ther-
mal desorption as innovative technologies.

Definitions of Specific Innovative
Treatment Technologies

This document reports on the use of the innova-
tive remediation technologies listed above and, to
a lesser extent, on the use of established tech-
nologies. The technologies reported in the fol-
lowing sections treat contaminants in very differ-

ent ways. This section provides brief definitions
of the 13 types of source control (primarily soil)
innovative technologies and six types of innova-
tive in situ groundwater technologies as they are
used in this document.

Source Control Technologies

EX SITU BIOREMEDIATION uses microor-
ganisms to degrade organic contaminants in ex-
cavated soil, sludge, and solids. The microor-
ganisms break down the contaminants by using
them as a food source. The end products typi-
cally are CO, and H,O. Ex situ bioremediation
includes slurry-phase bioremediation, in which
the soils are mixed in water to form a slurry, and
solid-phase bioremediation, in which the soils are
placed in a cell or building and tilled with added
water and nutrients. Land farming and com-
posting are types of solid-phase bioremediation.

In  applications of IN  SITU SOIL
BIOREMEDIATION, an oxygen source and
sometimes nutrients are pumped under pressure
into the soil through wells, or they are spread on
the surface for infiltration to the contaminated
material. Bioventing is a common form of in
situ bioremediation.

The CONTAINED RECOVERY OF OILY
WASTES (CROWT™) process displaces oily
wastes with steam and hot water. The contami-
nated oils are swept into a more permeable area
and are pumped out of the soil.

In CYANIDE OXIDATION organic cyanides are
oxidized to less hazardous compounds through
chemical reactions.

DECHLORINATION results in the removal or
replacement of chlorine atoms bonded to haz-
ardous compounds.

For IN SITU FLUSHING, large volumes of wa-
ter, at times supplemented with treatment com-
pounds, are introduced into soil, waste, or
groundwater to flush hazardous contaminants
from a site. Injected water must be isolated ef-
fectively within the aquifer and recovered.

IN SITU VITRIFICATION treats contaminated
soil in place at temperatures of approximately
3000°F (1600°C). Metals are encapsulated in the
glass-like structure of the melted silicate com-
pounds. Organics may be treated by combus-
tion.

PLASMA HIGH TEMPERATURE METALS
RECOVERY is a thermal treatment process that
purges contaminants from solids and soils as
metal fumes and organic vapors. The organic
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vapors can be burned as fuel and the metal
fumes can be recovered and recycled.

PHYTO-TREATMENT involves the cultivation
of specialized plants that are capable of taking
up specific soil contaminants into their roots or
foliage. Uptake of contaminants by the plants
reduces concentrations of contaminants in the
soil. Periodic harvesting of the plants may be
necessary.

SOIL VAPOR EXTRACTION (SVE) removes
volatile organic constituents from the soil in situ
through the use of vapor extraction wells, some-
times combined with air injection wells, to strip
and flush the contaminants into the air stream for
further treatment.

SOIL WASHING is used for two purposes. First,
the mechanical action and water (sometimes with
additives) physically remove the contaminants
from the soil particles. Second, agitation of the
soil particles allows the more highly contami-
nated fines to separate from the larger soil parti-
cles, thus reducing the volume of material re-
quiring further treatment.

SOLVENT EXTRACTION operates on the prin-
ciple that, in the correct solvent, organic con-
taminants can be solubilized preferentially and
removed from the waste. The solvent used will
vary, depending on the waste to be treated.

For THERMAL DESORPTION, the waste is
heated in a controlled environment to cause or-
ganic compounds to volatilize from the waste.
The operating temperature for thermal desorp-
tion is usually less than 1000°F (550°C). The
volatilized contaminants usually require further
control or treatment.

Groundwater Treatment Technologies

AIR SPARGING involves injecting air or oxygen
into the aquifer to strip or flush volatile contami-
nants as the air bubbles up through the ground-
water and is captured by a vapor extraction sys-
tem. The entire system acts as an in situ air
stripper.  Stripped or volatilized contaminants
usually will be extracted through soil vapor ex-
traction wells and usually require further treat-
ment.

Air sparging often is combined with IN SITU
GROUNDWATER BIOREMEDIATION, in
which nutrients or an oxygen source (such as air)

are pumped under pressure into the aquifer
through wells to enhance biodegradation of
contaminants in the groundwater.

Model of an Air Sparging System

Vapor Extraction Well

Vapor Extraction Well Arr Sparger Well

Ground Surface

DUAL-PHASE EXTRACTION extracts con-
taminants simultaneously from both the saturated
and the unsaturated zone soils in situ. This new
technology applies soil vapor extraction tech-
niques to contaminants trapped in saturated zone
soils, which are more difficult to treat than are
those in the unsaturated zone. In some instances,
this result may be achieved by sparging the
groundwater section of a well that penetrates the
groundwater table. Other methods also may be
employed.

PASSIVE TREATMENT WALLS act like
chemical slurry walls. Contaminated groundwa-
ter comes into contact with the barrier and a
chemical reaction takes place. Limestone barri-
ers, one type of treatment wall, increase the pH.
The increase in pH effectively immobilizes dis-
solved metals in the saturated zone. Another
type of passive treatment wall contains iron fil-
ings that dechlorinate chlorinated compounds.

IN SITU OXIDATION oxidizes contaminants
that are dissolved in groundwater, converting
them into insoluble compounds.

SURFACTANT FLUSHING of non-aqueous
phase liquids (NAPL) increases the solubility and
mobility of the contaminants in water, so that the
NAPL can be biodegraded more easily in the
aquifer or recovered for treatment aboveground
via a pump-and-treat system.



Contents of this Report

The following sections contain summary infor-
mation about and analysis of sites at which inno-
vative treatment technologies are being or have
been applied. Section 1: Superfund Remedial
Actions covers all Superfund sites at which an
innovative treatment technology is being or has
been implemented under a remedial action.
Such actions usually are documented in a ROD.
Soil and groundwater technologies are discussed

separately. Section 2: Superfund Removal Ac-
tions provides information on Superfund re-
moval action sites. Removals are conducted in
response to an immediate threat caused by a re-
lease of a hazardous substance or substances.
Section 3: Actions Under Other Federal Pro-
grams covers non-Superfund sites being ad-
dressed under RCRA and other federal pro-
grams.



- .SECTION I: SUPERFUND REMEDIAL ACTIONS

Overview of RODs

As of August 1995, there are 1,232 sites on the
National Priorities List (NPL), excluding 82 sites
deleted from the NPL. An additional 49 sites are
proposed for the NPL. As of the end of FY
1994, 1,472 RODs (including ROD amendments)
had been signed. Most RODs for remedial ac-
tions address the source of contamination, such
as soil, sludge, sediments, and solid-matrix
wastes. Such RODs are referred to

Source Control RODs

Source control RODs can be classified by the
general type of technology selected: (1) RODs
specifying some alternative treatment, (2) RODs
specifying containment or disposal only, and (3)
RODs specifying institutional controls or other
actions (such as restrictions on land use, moni-
toring, or relocation of the affected community).
Figure 2 shows the number of source control
RODs that fall under each category. RODs in

Figure 1: Superfund Remedial Actions: RODs Signed by Fiscal Year

(Total Number of RODs = 1,472)
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The difference between the total number of RODs and the number of source control RODs is the number of
“groundwater treatment remedy” or “no action needed” RODs.
Source: USEPA Office of Emergency and Remedial Response

as “source control” RODs. In addition to the
source, source control RODs may address reme-
dial action required for groundwater.  Other,
non-source control RODs address groundwater
only or specify that no action is necessary. Fig-
ure 1 shows the number of source control RODs
compared with the total number of RODs for
each fiscal year since 1982.

A total of 165 RODs (including ROD amend-
ments) were signed in FY 1994, a decrease of 25
from the number signed in FY 1993. The num-
ber of source control RODs decreased by 19
during that year. However, the percentage of
source control RODs relative to the total number
of RODs remained the same from FY 1993 to FY
1994.

which some treatment is selected may include
containment of treatment residues or waste from
another part of the site. In FY 1994 there was an
increase in the number of source control RODs
that specify containment or disposal, compared
with RODs under which some treatment of the
source material was selected. Overall, for 64 per-
cent of all source control RODs (from FY 1982
to FY 1994) at least one treatment technology
for source control was selected (Figure 3).

The Superfund Amendments and Reauthoriza-
tion Act of 1986 (SARA) required that EPA fa-
vor permanent remedies (that is, alternative
treatment) over containment or disposal to reme-
diate Superfund sites. From FY 1988 through



Figure 2: Superfund Remedial Actions
Source Control RODs by Fiscal Year
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Figure 3: Superfund Remedial Actions
Overview of Source Control RODs Through Fiscal Year 1994
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Figure 4: Superfund Remedial Actions
Treatment and Disposal Decisions for Source Control
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FY 1993, at least 69 percent of source control
RODs provided provisions for treatment of
wastes (Figure 4). The increase was most dra-
matic in FY 1988. In 49 percent of RODs signed
in FY 1987, some treatment for source control
was selected, while some treatment was selected in
69 percent of those RODs signed in FY 1988.
However, the percentage in FY 1994 decreased to
57 percent. Figure 4 also illustrates the percent-
age of RODs in which at least one innovative
technology was selected, as updated by current
project status information. Of a total of 1,014
source control RODs signed through FY 1994,
innovative technologies were selected and still are
being considered or used under approximately
26 percent of RODs. Overall, innovative tech-
nologies have been selected at 22 percent of the
1,472 RODs signed since FY 1982.

Source Control Technologies

This section discusses the number and kinds of
treatment technologies selected and used for
source control in the Superfund remedial pro-
gram. Most of the rest of the information in this
section focuses on technologies, rather than
RODs. In each ROD in which treatment was
specified, more than one type of treatment tech-
nology may have been selected.

Figure 5 gives an overview of the established and
innovative treatment technologies selected for

USEPA Office of Emergency and Remedial Response

source control. Through FY 1994, a total of 697
treatment technologies were selected in 646
source control RODs specifying some treatment.
The selection of multiple technologies results
from the use of treatment trains or from the
treatment of different wastes or areas of the site.
Figure 5 illustrates that, through FY 1994, 43
percent of the 697 treatment technologies se-
lected were innovative and 57 percent were es-
tablished. Soil vapor extraction and thermal
desorption are indicated as a separate wedge on
Figure 5 because of the large number of appli-
cations of those two technologies. Appendix A
provides data on the selection of the 697 source
control treatment technologies by fiscal year.

Appendix B, the Innovative Technology Sum-
mary Matrix, lists each of the innovative and
treatment technology projects for source control
at remedial sites. (The summary matrix also in-
cludes innovative groundwater projects, removals,
and non-Superfund projects that will be dis-
cussed in later sections.) Appendix C contains a
matrix of established source control technolo-
gies. The ITT Database (see Notice) contains
detailed information on specific sites at which
innovative technologies are being implemented.
Information on established treatment technolo-
gies is based on a review of RODs by OERR
rather than interviews of Regional or state staff.
Therefore, the only information provided for



Figure 5: Superfund Remedial Actions
Summary of Source Control Treatment Technologies Selected Through Fiscal Year 1994

Established Technologies (400) 57%

Off-site Incineration
(107) 15%

On-Site
Incineration

Innovative Technologies (297) 43%

Soil Vapor Extraction®
(135) 19%

\ Thermal Desorption
(51) 7%

(78) 1%

Solidification/
Stabilization —
(202) 29%

Other Established (13) 2% —J

—Ex Situ Bioremediation (40) 6%

In Situ Bioremediation (25) 4%
In Situ Flushing (19) 3%
o Soil Washing (12) 2%

| Solvent Extraction (6) < 1%
Dechlorination (4) < 1%

Other Innovative** (5) 1%

Note: Data are derived from Records of Decision (RODs) for fiscal years 1982 — 1994 and anticipated
design and construction activities as of August 1995. A site may use more than one technology.

()  Number of times this technology was selected or used.

*

**

Includes two dual-phase extraction projects also listed as in situ groundwater technologies.
"Other" established technologies are soil aeration, open detonation, and chemical

neutralization. "Other” innovative technologies are, phyto-treatment, contained recovery of oily
wastes (CROW ™), cyanide oxidation, in situ vitrification, and plasma high temperature metals

recovery.

sites using established technologies is the name
of the site and the year in which the ROD was
signed. The list of sites does not reflect any
changes in the remedy that may have occurred in
the design phase of the cleanup and does not re-
port the status of the projects.

Figure 6 compares the total number of estab-
lished and innovative technologies for source
control selected by fiscal year. The figure shows
that more innovative technologies than estab-
lished technologies were selected in RODs signed
during FY 1993 and FY 1994. Figure 7 shows
selection trends for the major established tech-
nologies, on-site and off-site incineration and
solidification/stabilization. The number of sites
implementing either on-site or off-site incinera-
tion decreased in FY 1994, Solidifica-
tion/stabilization also decreased in FY 1994,
Figure 8 graphically depicts, by fiscal year, the
frequency of selection for the three most fre-

quently selected innovative treatment technolo-
gies, soil vapor extraction, thermal desorption,
and bioremediation. These three technologies
are discussed in more detail in later sections.
Appendix A gives the number of established and
innovative treatment technologies for both
source control and groundwater by fiscal year.

Status of Innovative Treatment Technology
Projects

An increasing number of innovative treatment
technology projects are being implemented at
remedial Superfund sites. In the past year, 51
additional innovative treatment technology proj-
ects have been implemented, and 15 projects
have been completed including both source
control and in situ groundwater. Appendix B
gives the status of each project, and Figure 9
provides a summary of their status by technol-
ogy type. The design of such projects typically
takes one to three years. The ITT Database



SECTION 1: SUPERFUND REMEDIAL ACTIONS -
Figure 6: Superfund Remedial Actions
Number of Established Versus Innovative Treatment Technologies for Source Control

70 66

sol- A

== Estavlished Technologies /{
Innovative Technologies 52 51 59 51
S o 48
] 40
Numberof 40 %9 _/
Treatment ] 42 |4 a3
Technologies .

Selected ] 23
. 26 20

Fiscal Year

Note: Data for innovative technologies are derived from Records of Decision (RODs)
for fiscal years 1982 — 1994 and anticipated design and construction activities as
of August 1995. A site may use more than one technology.

Figure 7: Superfund Remedial Actions
Trends for Three Most Frequently Selected Established Technologies for Source Control

40
: 36
] a7
1 | B3~ On-site Incineration
30 1| ~f-- Oft-site Incineration
1 | —@— Solidification/Stabilization 26
1 24 ‘ 24
Number of 1 o |22 2}
Established o | !’.’ 14
Treatment [/ 17 T
Technologies 14 .| 14 ..
Selected i2 ..
10] ol 1} 14°
] 66/ @& V . .
1 3, 44 18 v 4
lo'o| o [LEE L2 5 "M, :
O 3
é! gg sg 85 86 87 88 89 90 91 92 93 9%4

Fiscal Year

Source: USEPA Office of Emergency and Remedial Response.



Figure 8: Superfund Remedial Actions
Trends for Three Most Frequently Selected Innovative Technologies

35

g~ Soil Vapor Extraction
25 ~@— Bioremediation*

Number of —— Thermal Desorption
Times 20
Selected 15
10

84 85 86 87 88 89 90 91 g2 93 94
Fiscal Year

* Also includes in situ groundwater treatment.

Figure 9: Superfund Remedial Actions
Project Status of Innovative Treatment Technologies as of August 1995

: Design Complete/ .
Technology F:'r‘eg::;g:/ Beirglg |ns_taﬁed/ Project Total
9 Operational Completed

Source Control Technologies

Soil Vapor Extraction 52 70 13 135
Thermal Desorption 21 13 17 51
Bioremediation (Ex Situ) 17 19 4 40
Bioremediation (In Situ) 11 12 2 25
Soil Washing 10 1 1 12
In Situ Flushing 11 7 1 19
Dechlorination 2 0 2 4
Solvent Extraction 4 2 0 6
In Situ Vitrification 0 1 0 1
Cyanide Oxidation 1 0 0 1
Phyto-treatment 1 0 0 1
CROW 0 1 0 1
Plasma High Temperature Metals 1 0 0 1

Recovery

Total 131 (44%) 126 (42%) 40 (13%) 297
Groundwater Technologies

Air Sparging 10 6 0 16
Bioremediation (in situ) 6 6 0 12
Passive Treatment Walll 3 0 0 3
Dual Phase Extraction 2 0 0 2
Surfactant Flushing 1 0 0 1
In Situ Oxidation 1 0 0 1
Total 23 (66%) 12 (34%) 0 35

Note: Data are derived from Records of Decision (RODs) for fiscal years 1982 — 1994 and anticipated design and
construction activities as of August 1995.
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" SECTION 1: :SUPERFUND REMEDIAL ACTIONS .

presents some brief performance and operating
data on remedial, removal, and non-Superfund
projects that have been completed. Data pro-
vided include periods of operation, typical pre-
and post-treatment concentrations of key con-
taminants treated, cleanup goals, operating pa-
rameters (such as retention time and additives),
materials handling required, and management of
residuals.

Contaminants Addressed

The data collected for this report form the basis
for an analysis of the classes of contaminants
treated by each technology type at remedial ac-
tion sites. Figure 10 provides that information,
by technology, for three major groups of con-
taminants: volatile organic compounds (VOC),
semivolatile organic compounds (SVOC), and
metals. For this report, compounds are catego-
rized as VOCs or SVOCs, according to the

lists provided in EPA’s SW-846 test methods
8240 and 8270, respectively. The ITT Database
contains information about specific contaminants
treated at each site at which an innovative tech-
nology has been or is being used.

Quantity of Soil Addressed

EPA analyzed the quantity of soil treated at 235
remedial action sites at which innovative treat-
ment technologies have been or are being used,
and for which data on the quantity of media
treated were available (Figure 11). Not surpris-
ingly, the tendency is to use in situ technologies
to address larger quantities of soil, while ex situ
technologies are used to treat smaller quantities.
Because quantities for in situ projects cannot be
accurately determined and many ex situ projects
are not completed, the quantities in Figure 11
should be considered estimates.

Figure 10: Superfund Remedial Actions
Applications of Innovative Treatment Technologies

Number
of

Applications

Soil Vapor  Thermal

Extraction

Bio-
Desorption remediation remediation Washing

(Ex Situ)

Soil In Situ

Flushing

Bio- Solvent
Extraction

(In Situ)*

innovative Technology

*Does not include in situ groundwater bioremediation
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Figure 11: Superfund Remedlal Actions
Estimated Quantities of Soil To Be Treated By Innovative Technologies

TOTAL NUMBER SITES QUANTITY (CUBE YARDS)

TECHNOLOGY OF SITES WITH DATA RANGE AVERAGE TOTAL
Soil Vapor Extraction 135 103 70-7,100,000 176,000 18,100,000
Bioremediation (in situ soil) 24 13 5,000 - 484,000 122,000 1,580,000
In situ Flushing 18 12 5,200 - 750,000 96,000 1,150,000
Soil Washing 12 12 1,800 - 200,000 43,000 522,000
Bioremediation (ex situ) 37 k- 500 - 208,000 40,000 1,350,000
Dechlorination 3 3 20,100 - 48,000 36,000 108,100
Solvent Extraction 6 6 7,000 - 85,000 31,000 184,000
Thermal Desorption 50 48 95 - 130,000 20,000 984,000
Cyanide Oxidation 1 1 3,000
Dual-Phase Extraction 2 0

CROW™ 1 1 200
Phyto-treatment 1 0

Plasma High Temp. Recovery 1 1 65,000
In situ Vitrification 1 1 4,000
TOTAL 22 235 24,100,000

Treatment Trains

Figure 12 compares the number of innovative
technologies selected for both source control and
in situ groundwater treatment with the number of
RODs in which these technologies were selected.
The graph shows that some sites use more than
one innovative technology, often together in
“treatment trains.” Twenty-eight remedial sites
use treatment trains for source control. Figure
13 identifies specific treatment trains used in re-
medial actions. Appendix D provides additional
information on the sites that use treatment trains.
Innovative treatment technologies may be used
with established technologies or with other inno-
vative technologies. The most common treat-
ment train is soil washing followed by above-
ground bioremediation (usually slurry-phase
treatment). Technologies may be combined to
reduce the volume of material that requires fur-
ther treatment, as in the example given above; to
prevent the emission of volatile contaminants
during excavation and mixing; or to treat multi-
ple contaminants in a single medium.

Soil Vapor Extraction

SVE is the most frequently selected innovative
technology for treating soil. Currently 135 proj-
ects are being implemented. At some sites, sev-
eral areas are being treated with SVE. Only 13
SVE remedial projects have been completed, but
an additional 70 are underway. Duration varies
from 1 month to 5 years or more. Most projects
target chlorinated or nonchlorinated VOCs for

treatment; a few target semivolatiles, such as phe-
nols and naphthalene. Most applications are
vertical wells with activated carbon used to treat
off-gases. Unusual applications include hori-
zontal wells such as at the SMS Instruments site,
New York.

Thermal Desorption

This technology has been selected 51 times.
Seventeen projects are completed; another 13 are
operating. Thermal desorption projects take less
time to implement than soil vapor extraction:
from 1 to 18 months for the 13 remedial projects
completed thus far. Contaminants treated are
shown in Figure 14. This technology is used to
treat SVOCs, such as polychlorinated biphenyls
(PCBs) and polynuclear aromatic hydrocarbons
(PAHs), as well as VOCs.

Bioremediation

This technology has been selected a total of 65
times, but in a number of different forms. Fig-
ure 15 illustrates the different types of bioreme-
diation being implemented. Land treatment is
the most common form of ex situ bioremedia-
tion, followed by slurry-phase treatment.
Bioventing has been specified for 7 of the 25 in
situ  soil bioremediation remedies, although
bioventing approaches may be selected at addi-
tional projects as design proceeds. Contaminants
treated by bioremediation are shown in Figure
16. The contaminants treated most often by
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Figure 12: Superfund Remedial Actions
Number of Innovative Treatment Technologies Versus Corresponding RODs

70
] 63
. | N 57
60 1 | @~ robs / N
50_:_ —@— Technologies v Yy
E 43 Mg
Numberof 404 F%" nil
Treatment 1 / 34 4 44 23
Technologies or __ ] 38 \E
rops 30 ”
5 21
20 ] A
103 - ——
g T

84 85 86 87 88 89 90 91 92 93 94
Fiscal Year

Figure 13: Superfund Remedial Actions
Treatment Trains with Innovative Treatment Technologies

Total Treatment Trains = 28

Solidification/
incineration Stablilization
(1 site) (1 site)

=

Dechlorination
(1 site)

lH]

OR

In Situ Soliditication/

Flushing Stabilization  soil Washing

(1 site) (1 site) (1 site)

e
Soil Washing

(1 site)

Solidification/

Stabilization Incineration
(2 si

OR

Solidification/Stabitization
(4 sites)

In Situ Bioremediation
(4 sites)
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Figure 14: Superfund Remedial Actions
Contaminants Treated by Thermal Desorption

50 -
Number 40 4
of
Sites 30 - 2
20 18
1 15 13 12
104 ]
0 . ST

Other BTEX Other PCBs PAHs Dioxins
VOCs SVOCs

Contaminant
Note: At some sites, treatment is for more than one contaminant. Treatment may be planned,
ongoing, or completed.

Source: Records of Decision (RODs) for fiscal years 1982 — 1994 and anticipated design and
construction activities as of August 1995.

Figure 15: Superfund Remedial Actions
Bioremediation Methods

In Situ Lagoon Aeration (2) Slurry-Phase Tank Treatment (6)

Excavation with On-Site
Treatment (TBD) (7)

In Situ Ground Water Only Treatment (12)

In Situ Soil Treatment (16) Excavation Followed by
Land Treatment (24)

Bioventing (7)

Composting (3)

Note: Some RODs specify multiple remedies.
TBD: Specific treatment method to be determined.

Source: Records of Decision (RODs) for fiscal years 1982 — 1994 and anticipated design and construction
activities as of August 1995.
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' SECTION I: SUPERFUND REMEDIAL ACTIONS =~
Figure 16: Superfund Remedial Actions
Contaminants Treated by Bioremediation*

Number

r " /‘

BTEX

Contaminant

*Includes in situ groundwater innovative treatment technologies.

Note:
ongoing, or completed.
Source:

construction activities as of August 1995.

bioremediation are PAHs. Benzene, toluene,
ethylbenzene, and xylene (BTEX) compounds
are the VOCs addressed most frequently; chlo-
rinated VOCs are being treated at 5 sites.

Groundwater Remediation Tech-
nologies

Groundwater treatment remedies include
pump-and-treat and in situ treatment or a
combination of both. Figure 17 shows each
type of groundwater treatment remedy se-
lected. Groundwater remedies have been se-
lected for 573 sites. Of these, 540 sites are
implementing pump-and-treat systems alone.
In the case of another 29 sites, pump-and-treat
systems are being combined with in situ treat-

15

At some sites, treatment is for more than one contaminant. Treatment may be planned,

Records of Decision (RODs) for fiscal years 1982 — 1994 and anticipated design and

ment. Four sites have selected in situ treatment
only to treat groundwater contamination.

EPA has selected in situ treatment of ground-
water 35 times at 33 remedial sites. EPA se-
lected in situ treatment of groundwater for
nine remedial sites in FY 1994, including the
first selection of surfactant flushing for dense
NAPLs. Completion of in situ groundwater
cleanup at Superfund sites is predicted to re-
quire 5 to 20 years. Figure 9 shows the overall
status of in situ groundwater projects.

Appendix A gives the number of in situ
groundwater treatment technologies selected
each year. The summary matrix in Appendix
B provides the site names, technologies, and
project status.



In Situ Treatment Remedies
Include:

— Air Sparging (16)
Bioremediation (12)
Passive Treatment Wall (3)
Dual Phase Extraction (2)
Surfactant Flushing (1)

In Situ Oxidation (1)

i SUPERFUND REMEDIAL ACTIONS =~ .*

Figure 17: Superfund Remedial Actions
Groundwater Remedies Through Fiscal Year 1994

Total Sites with Groundwater Remedies = 573

) ) ___ Sites with In Situ Treatment
Sites with Pump-and-Treat Only (4) < 1%
in Conjunction with In Situ

Treatment Remedies (29) 5%

6N
Sites with Pump-and-Treat
Remedies Only (540) 94%

Source: USEPA Office of Emergency and Remedial Response

Records of Decision (RODs) for fiscal years 1982 - 1994 and anticipated design and construction
activities as of August 1995
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- “:SECTION 2: SUPERFUND REMOVAL ACTIONS

A removal action under Superfund is conducted
in response to an immediate threat caused by a
release of a hazardous substance or substances.
Removal action decisions are documented in an
action memorandum. To date, innovative treat-
ment technologies have been used in relatively
few removal actions. The innovative technolo-
gies addressed in this report have been used 29
times in 26 removal actions (Figure 18). In ad-
dition, infrared incineration, no longer consid-
ered innovative, was used first at two removal ac-
tions. Since removal actions are responses to an
immediate threat, and often involve smaller
quantities of hazardous wastes than remedial ac-
tivities, the implementation of the technology
may progress faster at a removal site than at a
remedial site. Figure 18 indicates that 90 percent

of removal projects that involve innovative treat-
ment technologies have been completed.

Many removal actions involve small quantities of
waste or immediate threats that require quick ac-
tion to alleviate the hazard. Often, such activities
do not lend themselves to on-site treatment. In
addition, SARA does not establish the same pref-
erence for innovative treatment for removal it
sets forth for remedial actions. However, EPA
expects that innovative treatment technologies
will be used more often in the future for larger
and less time-critical removal actions.

The ITT Database provides more detailed infor-
mation for each application of an innovative
technology at a removal site. The summary ma-
trix in Appendix B lists each removal site and in-
novative technology.

Figure 18: Superfund Removal Actions
Project Status of Innovative Treatment Technologies as of August 1995

Predesign/

Technology in Design

Design Complete/Being
Installed/Operational

Project

Completed Total

Source Control
Soil Vapor Extraction
Thermal Desorption
Bioremediation (Ex Situ)
Bioremediation (In Situ)
Soil Washing
In Situ Flushing
Dechlorination
Solvent Extraction
In Situ Vitrification
Chemical Treatment
TOTAL

OO0 OO0 OO0 OO0 OO

(0%)

Groundwater Technologies
Air Sparging
Bioremediation (In Situ)

TOTAL

0
0
0

D 2NN ONLWAND M

4
1
4
3
2
0
2
2
1
6
5

NOOOOOOO = =20

(7%) 25 (93%) 27

0
1
1 (50%)

]
0
1 (50%)

—

2

Note: Data derived from a survey of EPA Superfund Removal Branch Chiefs and
On-Scene Coordinators for each Region.
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SECTION 3: ACTIONS UNDER OTHER FEDERAL PROGRAMS

This chapter contains available information on
projects conducted under federal programs other
than the Superfund program. Many of those
projects are conducted at DoD and DOE facili-
ties. The sites were identified through various
sources of information, including discussions
with DoD and DOE personnel. The RCRA cor-
rective action sites using an innovative technol-
ogy were identified through the review of 50
SBs, which are decision documents prepared for
some actions at corrective action sites. Because

innovative technologies have likely been used at
RCRA sites, but not documented in SBs, the list
in this report should not be considered complete.
Figure 19 summarizes the types of innovative
treatment technologies and the number of proj-
ects, and indicates the status of each. The sum-
mary matrix in Appendix B lists the name of
each site, the technology selected, and the status
of the project. The ITT Database provides more
information on each application.

Figure 19: Sample of Projects Under Other Federal and RCRA Corrective Action Programs
Status of Innovative Treatment Technologies as of August 1995

Predesign/ Design Complete/Being  Project
Technology In Design Installed/Operational Completed Total
Other Federal Programs
Soil Vapor Extraction 2 8 1 11
Bioremediation (Ex Situ) 0 1 4 5
Bioremediation (In Situ) # 0 5 3 8
Soil Washing 0 1 1 2
Dechlorination 0 1 0 1
Air Sparging 0 1 0 1
TOTAL 2 (7%) 17 (61%) 9 (32%) 28
RCRA Corrective Action
Soil Vapor Extraction 3 4 0 7
Thermal Desorption 1 0 0 1
TOTAL 4 (50%) 4 (50%) 0 (0%) 8

Note: Data derived from a survey of EPA RCRA Corrective Action, DoD, and DOE points of

contact for each site.
# Includes in situ groundwater treatment.
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Established Technology Summary Matrix

Site Name

Summit National Liquid Disposal Service (Amendment)

Summit National Liquid Disposal
Mid-State Disposal Landfill

N.W. Mauthe Si

Pristine
Oconomowoc Electroplating

Northern Engraving
Spickler Landfill
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